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Abstract 

We assume that strong and electroweak interactions become strong at 
very high energies. With this assumption, we compute the low-energy gauge 
couphng constants ai{mz) as a function of the cutoff scale, taking the su- 
persymmetric standard model with 3 + 2n families of quark and lepton mul- 
tiplets. We find that only the five family case {n = 1) is consistent with 
the experimental values of the gauge couphng constants. This suggests the 
presence of a pair of families at ~ 1 TeV. 



Supersymmetry (SUSY) [|I| has attracted many theorists in particle physics for a 
long time, since it is not only a mathematically consistent symmetry, but also it can 
eliminate all divergences more than quadratic in renormalizable quantum field theories. 
At present, the SUSY is expected to be a solution to the hierarchy problem (the pres- 
ence of the light Higgs boson) 0. However, in the SUSY extension of the standard 
electroweak theory with three families of quarks and leptons, the electroweak gauge in- 
teractions are not asymptotically free, and hence it may not be a consistent theory for 
all energies 0. 

The grand unification (GUT) @| of strong and electroweak interactions is certainly 
a possible solution to this problem, since all the gauge interactions become asymptoti- 
cally free above the GUT scale. Furthermore, this SUSY-GUT ^ is strongly supported 
phenomenologically by the recent measurement of sin^ 9\y made at the LEP experiments 
@]. The SUSY-GUT, however, has a serious problem to which no convincing solution 
has been found. Namely, the extreme fine tuning of parameters is required to produce a 
large mass splitting in Higgs multiplets. It is, therefore, very important to pursue alter- 
native solutions to the problem of the non-asymptotically free nature of the electroweak 
interactions. 

In the present paper we examine the proposal by Parisi in which a physical 
cutoff A is introduced such that the non-asymptotically free theory is valid up to the 
scale A. If the cutoff A is sufficiently large, the gauge coupling constants at low energy 
(at the renormalization scale fi ~ 100 GeV) must be near the infrared stable fixed point 
ctj = 0. Moreover, if the coupling constants at A are large enough, the low-energy 
coupling constants are approximately independent of the values of couplings at A and 
are determined solely in terms of the cutoff A and the number of matter multiplets 
0. Notably 30 years ago. Landau |§| suggested that the presence of a large number 
of fermions could give an explanation of the small value of the fine-structure constant 
= 1/137. A similar possibility has also been stressed based on a composite model 
of the gauge bosons 0. 
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In this paper we asuume that SUSY standard model with 3 + 2n famihes of quarks 
and leptons. We take the cutoff scale A as a free parameter which will be determined as 
a scale where all gauge coupling constants blow up. This is a crucial point to make our 
model viable phenomenologically, while in all previous analyses []T0| , ||, |ll| the cutoff 
A is taken at the Planck scale, and hence they face a difficulty to obtain the correct 
value of the Weinberg angle [|1^ . 



To determine A we compute the low-energy coupling constants ai(m^), 02 ("^z) and 
a^{mz) as a function of A using the two- loop renormalization group (RG) equations 
fTSll . We assume that the extra 2n families form n pairs of a family and a mirror family 
(family pairs) so that they can have SU{2) x f/(l) invariant masses mp- In this case, 
neutrinos in the extra families become massive Dirac fermions of the mass mp escaping 
the constraints from the LEP experiments. The results are shown in Fig. 1, for the 
number of family pairs n = 1, 2, 3. In this Figure, we have taken mp = msusY = 1 TeV 
where msusY is the SUSY-breaking scale. Note that 3 + 2n = 5 is the minimum number 
of families which makes all the gauge coupling constants non-asymptotically free. To 
reproduce the correct values for the three low-energy gauge coupling constants, we find 
that the minimal number of the family pairs n = 1 is the unique choice, and the cutoff 
turns out to be A ~ 2 x 10^*^ GeV 0- Here we have taken ai(A) = a2(A) = a3(A) = 10 
as the initial value of the RG equations. We will restrict our discussions to the case 
n = 1 hereafter. 

To see that the low-energy gauge coupling constants are in fact independent of their 
values at the cutoff scale A, we vary the initial between 10 and 100. Fig. 2 shows 
the running of the Weinberg angle sin^ 9]y just below the cutoff A. The initial values of 
sin^ 9]y are varied between 0.05 to 1.0, and they rapidly approach the value sin^ 9\y ~ 3/8 
around 10^^ GeV. The further running down to the electroweak scale naturally repro- 
duces the experimental value sin^ ^vk('^z) = 0.2326 ±0.0008, just as in the conventional 
SUSY-GUT. We have checked that even when ai,a2, and are taken from 1 to 100 
at the cutoff scale, their low-energy values scatter only within 2 % for ailrriz), 5 % for 



2 



«2("^z) and 10 % for 03 (m^). Thus, this scenario predicts all the low-energy gauge 
coupling constants almost irrespective of the initial values of the large gauge coupling 
constants at the cutoff scale. 

The predicted gauge coupling constants are sensitive on the mass of the family pair as 
well as the SUSY-breaking scale, while insensitive on the initial gauge coupling constants. 
Varying mp = rrisusY between 100 GeV and 10 TeV, we first determine the cutoff 
scale A so that the correct weak-scale fine-structure constant Q;~^(m^) = 127.9 ± 0.2 is 
obtained. With the determined A we compute the Weinberg angle sin^ 0]v{mz) and the 
QCD running coupling a^{'mz) at the weak scale. The results are shown in Fig. 3. We 
see that the present model predicts one pair of a family and a mirror family at around 
1 TeV as well as the SUSY particles. Thus, the present model will be testable at the 



future supercollider experiments such as SSC or LHC [|T5 |. 

A potential problem in the present model is the presence of the family pair at the 
TeV scale. Since they can have SU(2) x f/(l) invariant masses, one needs to explain 
why they are so light compared with the cutoff scale A ~ 10^^ GeV. A possible solution 
to this problem is given if they are Nambu-Goldstone supermultiplets arising from a 
spontaneous breakdown of some global symmetry G. An example is Eq — > 5*0(10) x 
f/(l), where the Nambu-Goldstone multiplets are 16 and 16 of 5*0(10) for the doubling 



realization case |T6[. In this case the Nambu-Goldstone supermultiplets naturally have 
the masses of the order of the SUSY-breaking scale msusY Jl^l- Thus, this example 
naturally explains the presence of a pair of a family and a mirror family at the SUSY- 
breaking scale. 

The other problem is to clarify the physics at the cutoff scale. Since the cutoff 
A is much lower than the Planck scale, it is plausible that the underlying physics is 
independent of the gravity. An intriguing possibility is that all the gauge fields of 
SU{3) X SU{2) X U{1) are composite fields generated by the dynamics at the cutoff 
scale |T^. However, the dynamics to generate the composite gauge fields has not been 
yet clear to us. 
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Figure Caption 



Fig. 1 The cutoff dependence of tfie low-energy gauge coupling constants, ai{mz) (Fig. la), 
tt2('^z) (Fig. lb), and a^{mz) (Fig. Ic), for various number of the family pairs 
n = 1, 2, 3. The masses of the family pairs and SUSY-breaking scale are taken at 
1 TeV. We adopt the gauge coupling constants given by P. Langacker, Pennsilvania 
University preprint, UPR-0492T, (1992). 

Fig. 2 The running of the Weinberg angle sin^ Oy/ below the cutoff A = 2 x 10^^ GeV. 
The gauge coupling constants at A are taken randomly between 10 and 100. 

Fig. 3 The dependence of sin^ Ow{niz) (Fig. 3a) and as{mz) (Fig. 3b) on the mass of the 
family pair rriF and SUSY-breaking scale msusY which arc set equal. The cutoff A 
is chosen to reproduce the correct weak-scale fine-structure constant Q;em(^z) — 
127.9. 
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